We present high-statistics results for the isovector and flavor diagonal charges of the proton using 11 ensembles of 2+1+1 flavor HISQ fermions. In the isospin symmetric limit, results for the neutron are given by the u ↔ d interchange. A chiral-continuum fit with leading order corrections was made to extract the connected and disconnected contributions in the continuum limit and at M π = 135 MeV. All results are given in the MS scheme at 2 GeV. The isovector charges, g 
for constraining the quark electric dipole moments and their contributions to the neutron electric dipole moment are discussed. These flavor diagonal charges also give the strength of the interaction of dark matter with nucleons via axial and tensor mediators.
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Introduction
Lattice QCD provides first principal results for the matrix elements (ME) of quark bilinear operators within nucleon states that are needed to quantify a number of properties and structure of the nucleon. All the calculations reported on here have been done using clover valence fermions on 2+1+1 flavor HISQ ensembles generated by the MILC collaboration [1] . Detailed analyses and results, summarized here, for the isovector charges are given in Ref. [2] , for flavor diagonal axial charges in Ref. [3] , and for flavor diagonal tensor charges in Ref. [4] .
High-statistics data were generated cost-effectively using the truncated solver with bias correction method (TSM) [5] . We also used the coherent source method to construct sequential propagators with the insertion of a zero-momentum nucleon state at the sink time slice [6] .
The excited-state contamination (ESC) in the 3-point correlation functions was analyzed by generating, on each ensemble, data at 3-6 values of the source-sink separation τ. Fits to extract the ground state ME were then made keeping up to three states in the spectral decomposition to data at a large set of values of the operator insertion time t and τ. The choice of the number of states kept (1, 2 or 3) depended on the statistical precision of the data and the size of the ESC. The amplitudes and masses of the ground and excited states used in these fits were obtained from 2-point functions keeping four states in fits using the spectral decomposition. The 2-state (one-state, i.e., constant) fits to extract the disconnected g l A (g l T ) are shown in Fig. 2 . All the isovector renormalization constants Z Γ have been determined non-pertubatively in the RI-sMOM scheme and then converted to MS at 2 GeV using 2-loop perturbation theory. For the flavor diagonal axial and tensor charges, we assumed that the difference between Z isovector and Z isoscalar , which is zero at 2-loops [7] , is small and negligible non-perturbatively.
To obtain estimates of the renormalized charges in the continuum limit (a → 0), physical pion mass (M π 0 = 135 MeV) and in the infinite volume limit (L → ∞), we used a simultaneous chiralcontinuum-finite-volume (CCFV) fit ansatz with leading order corrections:
For our clover-on-HISC calculation, the leading discretization correction is O(a) since the clover action and operators are not fully O(a) improved. The CCFV fits for the isovector charges using data on 11 ensembles are shown in Fig. 1 . The disconnected contributions are small in magnitude, have larger statistical errors and were analyzed on fewer ensembles, 6 for light quarks and 7 for the strange. The chiral-continuum extrapolation (neglecting the finite volume corrections as they were small in the connected contributions) for disconnected g l,s
A and g l,s
T is shown in Fig. 3 .
Results
Using the CCFV fit ansatz given in Eq. (1.1), the continuum limit results for the isovector charges of the proton, at M π = 135 MeV and in the MS scheme at 2 GeV, are The results for the flavor diagonal axial and tensor charges, in the MS scheme at 2 GeV, are:
extrap. 1-extrap. The second error accounts for the uncertainty due to the chiral-continuum ansatz, Eq. (1.1) .
Phenomenology
The isovector axial charge is a benchmark quantity for the calculations of nucleon matrix elements since it is known with high accuracy experimentally. Our result, g [9] . In Ref. [2] , we show that the difference from the CalLat result comes from differences in the chiral and continuum extrapolation. CalLat has not simulated the three HISQ ensembles at a ≈ 0.57 fm, which pull down our result (see Fig. 1 ). Also, their data on the two physical mass ensembles have large errors and do not contribute significantly to the fits, i.e., their estimate is essentially based on fits to data with M π ≥ 220 MeV. Our conclusion is that T , charges, combined with low energy neutron decay experiments, provide bounds on novel scalar and tensor interactions that can arise in BSM models at the TeV scale [10] . Our results, given in Eq. (2.1), have reached the 10% accuracy needed to complement measurements of helicity flip parameters b and B in neutron decay at the 10 −3 level [10] . In  Fig. 4 , we compare present and future bounds from low-energy and LHC experiments, and find that, to match future LHC bounds, low energy experiments need to achieve better than 10 −3 accuracy.
The quark spin contribution to the spin of the proton is given by ∑ q=u,d,s ( T data using the chiral-continuum ansatz given in Eq. (1.1). In each panel, the pink band shows the result of the simultaneous fit plotted versus a single variable with the other variable set to its physical value. The result at the physical point, M π = 135 MeV and a = 0, is marked with a red star. The grey band shows the fit versus only M π , i.e., ignoring the dependence on a. It highlights the need for a simultaneous fit in both a and M π . (Left) The beta-decay constraints are obtained from the recent review article Ref. [11] . The current and future LHC bounds are obtained from the analysis of the pp → e + MET + X. We have used the ATLAS results [12] , at √ s = 13 TeV and integrated luminosity of 36 fb −1 . We find that the strongest bound comes from the cumulative distribution with a cut on the transverse mass at 2 TeV. The projected future LHC bounds are obtained by assuming that no events are observed at transverse mass greater than 3 TeV with an integrated luminosity of 300 fb −1 . (Right) Comparison of current LHC bounds from pp → e + MET + X versus pp → e + e − + X. neutron electric dipole moment is given by EDMs are the dominant CP-violating operators that arise in BSM theories since each CP-violating operator contributes to d n with terms analogous to Eq. (3.1). It turns out that in the "split SUSY" model [15, 16, 17] , the fermion EDM operators provide the dominant BSM source of CP violation [18] . For this model, the allowed contour plots for d n /d e in the gaugino (M 2 ) and Higgsino (µ) mass parameter plane with the range 500 GeV to 10 TeV are shown in Fig. 5 (right) . For this analysis, we have followed Ref. [19] and set tan β = 1. In particular, our results, assuming maximal CP violation (sin φ = 1), and the recent experimental bound d e < 1.1 × 10 −29 e cm [20] , imply the split-SUSY upper bound d n < 4.1 × 10 −29 e cm. This limit is falsifiable by the next generation nEDM experiments. [20] and assuming maximal CP violation (sin φ = 1), the allowed region lies above the solid black line. For µ, M 2 > 500 GeV, maximizing the ratio d n /d e along this line gives the upper bound d n < 4.1 × 10 −29 e cm at d n /d e = 3.71.
